The porin, an outer membrane protein of Salmonella typhimurium, was found to be a suitable antigen for eliciting delayed-type hypersensitivity in mouse salmonellosis. Histological examination of the reaction site revealed that the porin was superior to other antigenic preparations in eliciting a typical delayed-type hypersensitivity reaction consisting of mononuclear cell infiltration without polymorphonuclear cell contamination. This study indicates the importance of using a suitable protein antigen from S. typhi for human application.
The importance of cell-mediated immunity (CMI) in controlling Salmonella infections has been well documented (2, 3) . Delayed-type hypersensitivity (DTH) is considered an in vivo manifestation of CMI, and development of the DTH reaction has often been correlated with protective immunity by early workers (3) . Later studies have shown that DTH could not be correlated with protection in all situations (6, 9) . It has been shown to vary among different mouse strains tested (6, 9) . Recently, Killar and Eisenstein (6) found potection in the absence of DTH. In most of the studies, crude antigenic preparations of Salmonella containing a substantial level of lipopolysaccharide (LPS), such as heatkilled bacteria (1) and crude alcoholic extract enriched for proteins (3, 4) , were used as eliciting agents. The trichloroacetic acid (TCA)-extracted cell wall preparation (8, 14) and ribosomal fractions (11) have also been used for DTH elicitation. The DTH reaction elicited by these antigens was often superimposed with the Arthus reaction, and histological examination revealed predominant infiltration of polymorphonuclear cells (PMN) in addition to mononuclear cells at the reaction site (4, 8) . Collins and Mackaness (3) showed that it was necessary to have LPS-free protein antigens to elicit a typical DTH reaction. However, purified antigen is not used because it is difficult to purify. Furthermore, the use of crude bacterial extracts made it difficult to evaluate which component(s) elicited the antigenic activity. Recently, one group of workers (10) showed that in calves, 0 antigens presented as a macromolecular complex could be the epitopes that T cells recognize in anti-Salmonella DTH. Recently, the porin, a major outer membrane protein (OMP) from the cell wall of S. typhimurium, was purified and shown to be capable of inducing protective immunity and DTH in mice (7; unpublished data). In this study, we have examined the efficacy of porin in eliciting DTH in Salmonella-infected mice and compared it with that of OMPs and the TCA extract of S. typhimurium.
The porin from S. typhimurium C5 was purified by the method of Tokunaga et al. (13 polyacrylamide gel analysis showed that our preparation was pure, free of contamination with other proteins (Fig. 1) . LPS was undetectable in this preparation when estimated by the carbocyanin dye method of Janda and Work (5). Furthermore, the identity of the purified porin was confirmed by testing with antiporin sera obtained from Prof. Nakae (Takai University School of Medicine, Japan) (Fig. 2) . OMPs from S. typhimurium were prepared as described elsewhere (15 method of Staub (12) as described by Padmanaban and Mittal (8) .
Groups of BALB/c mice were immunized by injecting 5 x 104 live S. typhimurium M525 intravenously as described elsewhere (14) . M525 is a smooth strain with a 50% lethal dose (LD50) of 106 organisms for this strain of mice. It is capable of inducing both protective immunity and DTH (14) . Control mice were treated similarly with phosphate-buffered saline. At weekly intervals DTH was tested by injecting 5 ,ug of the porin, OMP, or TCA extract into the hind footpad. The other hind footpad served as the buffer control. Footpad swelling was measured at different times postelicitation with a vernier caliper. The difference between the control and antigen-injected footpads constituted the increase in footpad thickness.
When porin was used as the eliciting antigen, DTH was detected as early as 7 days after immunization, reached the maximum level by week 3, and persisted at significant levels at least up to week 4 ( Table 1 ). This study shows that porin is a potent antigen for eliciting DTH in Salmonella-infected mice. In addition, the efficacy of porin in eliciting DTH was compared with that induced by the OMP and TCA extract of S. typhimurium. Porin was better than the TCA extract in eliciting a high level of response in terms of absolute increase in footpad thickness (Table 1 ). In addition, porin was found to be as efficient as OMP in eliciting DTH.
Histological studies were carried out to characterize the DTH reaction induced by porin and OMP. Mice immunized 21 days previously with live S. typhimurium were injected in the footpad with the eliciting antigen or with buffer. The degree of swelling was determined after 24 h, selected mice were killed, and the reaction site was fixed in Bouin solution and sectioned. Representative sections (6 ,um) stained with hematoxylin and eosin are shown in Fig. 3, 4 , and 5. The absence of DTH reaction in the control footpad was evident (Fig. 3) . The cellular infiltrate in the porin-injected footpads of immunized mice was predominantly mononuclear in nature, and PMN were rarely seen (Fig. 4) . On the other hand, predominant infiltration of PMN in addition to mononuclear cells were observed in the OMP-injected mice (Fig. 5) . Similarly, in mice injected with the TCA extract, the reaction site was shown to be infiltrated with both PMN and mononuclear cells (8) . Significantly, among the three antigenic preparations, only porin was able to elicit a typical DTH reaction without inducing PMN infiltration. It is interesting to compare the present finding with the results of Collins and Mackaness (3), who showed that the protein antigenic fraction devoid of LPS was necessary to elicit a This may help to minimize the variability among the different authors working on salmonellosis and possibly to draw a clearcut correlation between DTH and protection. It is also important to point out here that in human typhoid there is no suitable assay system at present to detect the CMI reaction in vivo or in vitro. It may be due to the lack of a suitable test antigen which could be used either for DTH elicitation without side effects or for proliferative response. The present study shows that porin does not cause the side effects known to be induced by LPS (4) . Therefore, it is worth considering the porin from S. typhi for human application as well. In addition, it is significant that this protein was able to induce protective immunity in mice (7; unpublished data).
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